Purpose: Project cost is normally a key performance indicator for all projects, and therefore features prominently in benchmarking exercises aimed at identifying best practice. However, projects in different locations first require all costs to be expressed in equivalent units.
Introduction
.
Included in the BCA report were data on cost/m 2 for airports, schools, shopping malls and hospitals in both countries obtained from a well-known published cost guide. The BCA study received ridicule from some analysts (e.g. Best, 2012; for ignoring the impact of purchasing power. The original study benchmarked Australian projects against the US Gulf
States where the cost of living was lower than in many other parts of the country, resulting in different levels of domestic purchasing power. The BCA's observations enjoyed wide media coverage and were used politically to call for sweeping reform and productivity improvement, causing much angst and protest within the local construction industry.
The aim in this paper is to investigate the reliability of PPP and currency conversion for the benchmarking of international project cost performance. Appropriate cost comparison is essential to properly evaluate the success of projects. The construction industry is used as the context, but the principles discussed herein apply to all types of projects. Using recently published independent cost data for construction activity in 23 cities worldwide, this research concludes with recommendations about how to convert local construction prices to obtain a fair and valid international comparison.
success criteria that should be included. Cooke-Davies (2002) highlights the difference between success criteria (used for evaluating success) and success factors (inputs that lead to success). The list in both cases is long and criteria/factors are often specific to particular types of projects and sponsors (see Atkinson, 1999; Shenhar et al., 2001; Bryde and Robinson, 2005; Müller and Turner, 2007; Ika, 2009; Al-Tmeemy et al., 2011; McLeod et al., 2012; Tabish and Jha, 2012; Davis, 2013) .
Comparative international project cost performance is the focus of this paper. Underpinning the benchmarking of cost performance is the methodology used to convert prices in different currencies. Previous pricing studies have employed a range of methodologies, such as estimating the cost of identical standard projects (actual or hypothetical), or comparisons of functionally similar projects taking into account local practice, or a combination of both.
In any event, the question soon arises as to how to compare costs on an equal basis, since whenever different currencies are involved the cost impacts cannot be immediately understood. Costs vary for a range of factors, not the least of which is time, but the issue of location is to be explored here and is central to the need to compare costs across national borders.
The exchange rate adopted to compare costs arising from projects in different locations is a critical factor for the usefulness of results that come from any international benchmarking study. Applying currency exchange rates is an obvious choice, but these change frequently and do not provide confidence that the relativity between construction industries in two different countries is actually being assessed. For example, the Asian economic crisis triggered in 1997 could be used to conclude that the dramatically lower cost of construction in some Asian countries, as calculated by falling exchange rates against their western counterparts, was a result of increased competitiveness in-country. The reality was that the local industry had not changed, but the value assigned to projects that were under construction or previously completed had sharply declined (Kendrick, 1999) .
The use of PPP as an alternative to traditional currency exchange rates is generally regarded as a superior approach (e.g. Rogoff, 1996; Langston and Best, 2005) . PPP is an attempt to measure the economic well-being of people according to the country in which they reside.
While not pretending to be an indicator of living standards, it does reflect the cost of living in-country and therefore forms a new baseline against which construction costs can be interpreted.
PPPs can be calculated at the value of a particular good or service, or using a weighted basket of goods and services, and can be expressed in relation to gross domestic product or income capacity. In fact, PPPs have been calculated using items that are available in most countries worldwide, such as via use of the Big Mac Index regularly compiled by The Economist magazine. There are grounds to suggest that an approach specific to construction goods and services would be preferable to one that is generic of entire economies (Walsh and Sawhney, 2004) .
PPPs are defined as exchange rates that replace traditional currency exchange rates by taking into account the differences in prices between countries (Pakko and Pollard, 2003) .
They convert local costs into 'international dollars' compared to a nominated base country. (Lan, 2003) , this approach has moved from a light-hearted look at fast food metrics to a quite seriously debated topic (e.g. Pakko and Pollard, 2003 , who found a correlation of 0.73 between the PWT and the Big Mac Index using 2000 data). The Big Mac
Index has the advantage that input data is relatively easy to collect and therefore enables it to be up-to-date and city-specific. The Economist now publishes their index several times each year. Cumby (1996) found that when the US dollar price of a Big Mac is high in a country, the relative local currency price of a Big Mac in that country is likely to fall during the following year. The index has been employed to identify currency over and under valuations, although this is not a recommended use.
The reliability of various methods is largely unknown as there is no correct value that each can be compared against, other than monetary exchange rates which are volatile and subject to influence from a number of external sources. Pakko and Pollard (2003:22) concluded that "it is interesting to find that the simple collection of items comprising the Big
Mac sandwich does just as well (or just as poorly) at demonstrating the principles and
pitfalls of PPP as do more sophisticated measures". Ong (2003) concurred. But over the last decade in particular, attention has now turned to developing indices that are industryfocused, such as comparing construction-related costs independent of general economy activity (Meikle, 1990; Walsh and Sawhney, 2004) . Langston (2012) proposed the citiBLOC as a construction-specific PPP. Rather than reflecting relative differences between prices in-country, it is computed per city, and a national average inferred by taking the mean citiBLOC value for the five largest cities by population, where relevant. Table 1 illustrates the approach.
Insert Table 1 here … Perhaps the best way to describe PPP-adjusted values is to say that they express local prices in terms of purchasing power by weighting them according to a standard basket of construction items (comprising common material, labour and plant items) priced in-country.
The higher the PPP-adjusted value, the higher are the relative costs of building in one location over another. The PPP 'exchange rate' alone does not tell you that, in the same way the USD exchange rate does not tell you anything. But when the local prices are divided by it, the result is a comparative 'international' value: in the case of citiBLOC using Sydney as the base. Selection of PPP over USD conversion eliminates the problem of short-term foreign exchange fluctuations due to macro-economic issues, and therefore is likely to be the superior conversion method for international construction cost comparison.
By pricing a representative basket of construction-related items covering labour, material and plant, a standard basket price in each city (in local currency terms) can be computed and act as a locality index. Thereafter, the cost of a project can be divided by the cost of the representative basket to obtain the equivalent number of baskets required to pay for the construction. Although the unit of measure is 'baskets', not currency, the answer is an indicator of cost performance that has no locational boundaries. For example, if Project A in Hong Kong was 5 baskets/m 2 and Project B in New Delhi was 4 baskets/m 2 , then the construction cost in Hong Kong would be 25% more than that in New Delhi. Langston and Best (2005) first used coefficient of variation (CoV) as the test to determine which international PPP method was the most appropriate for construction cost comparison.
Method
They compared general PPPs produced by UBS and the World Bank, as well as USD currency conversion and the Big Mac Index. They found the latter was as good as any other method in some cities, but not in others. Hong Kong was a case in point, where the price of the Big Mac was about half of its expected value. This highlighted that the hamburger is not really a standard commodity across the world, but if one could be found there would be some confidence that its use in international cost comparisons would be superior to more costly and time-consuming methods. Large discrepancies were also found between the more established indices, particularly over the accuracy of the ICP data for Bangkok. Exchange rates were generally more volatile and displayed the greatest dispersion, suggesting that
PPPs were more appropriate for use in practice.
In this paper, CoV is used in the same way. Construction cost data are obtained independently from Turner and Townsend (2013) . This source surveyed local prices across 23 cities, as listed in Table 2 , and converted local prices into both USD and citiBLOC PPP equivalents. The local currency used is also indicated in the table.
Insert Table 2 here … Three types of construction cost data are used in this study. First, average cost/m 2 for various building types (comprising residential, commercial, industrial, retail, hotels, hospitals, schools, carparks and airports) are compared. Second, unit rates for labour, material and plant are compared. Third, unit rates for composite work items comprising a mix of labour, material and plant components are compared.
CoV is calculated as standard deviation divided by mean, and expressed as a percentage.
Values below 20% typically demonstrate low variance, values between 20 and 50% are considered normal given the nature of the base data, while values over 50% suggest the prices are either erroneous or heterogeneous.
Treating each item in the dataset as equal importance, the number of items where PPP conversion has a lower CoV than currency conversion is then determined. To draw a valid conclusion, an overwhelming majority is needed. The method with the lowest CoV is the preferred choice since it most closely reflects the Law of One Price.
There are a number of PPP methods that could be used and compared against currency conversion. The citiBLOC PPP is based on four common categories of labour, five common global construction materials, and one item of plant hire in equal proportions. This research also compares three other PPP methods constructed from readily available data. First, a basket of labour and material unit rates is derived using the full list provided in Turner and Townsend (2013) . Second, a basket of composite work items is derived, also using the full list provided in Turner and Townsend (2013 
Results
In the first instance, average construction prices for various building types in each city, expressed in both USD and PPP terms per square metre of gross floor area, are used to determine CoV. Insert Table 4 here … The items denoted with (#) are used to construct citiBLOC PPPs. In this paper, Turner and Townsend (2013) is used as the source for all citiBLOC computations to minimize unnecessary data conflict.
Finally, a range of composite items in each city are used to determine CoV. These outcomes are contained in PPP is shown to be preferable compared to currency conversion. But citiBLOC PPP is not the only choice available. Three alternative PPP methods are now added, so a total of five cost conversions strategies can be compared against each other. Once again, the method with the lowest CoV across the 23 cities represents the best available option.
Using the data from Turner and Townsend (2013), a labour+material (L+M) PPP is calculated based on local prices for the 5 labour items and the 11 material items provided earlier in Table 6 .
Insert Table 6 here … The average CoV across the three clusters indicates the preference order. Figure 1 summarizes the comparison. It should be noted that, in a 'perfect' world, a CoV of 0% (i.e. a horizontal line) would validate the Law of One Price. Yet the natural variability in the data would preclude such a result in reality. Hence the method that displays the lowest CoV is preferred. This is the citiBLOC PPP.
Discussion
Insert Figure 1 here … The approach taken in this paper has the advantage that virtually all of the data used in arriving at the research results comes from a single and reputable independent source.
While it is true that construction costs can vary depending on the authority providing them, there is clear strength in using a consistent dataset compiled, checked and validated by recognized industry cost experts. However, a weakness is that all costs are estimated or computed from recent projects and reflect 'typical' conditions that may or may not be common on a global scale.
Benchmarking Construction Projects
Langston (2013) DEA is a set of non-parametric programming techniques which assists with identifying which subset of projects or industries may be considered best practice. It is a linear programming procedure for a frontier analysis of inputs and outputs. DEA assigns a score of 1 to a unit only when comparisons with other relevant units do not provide evidence of inefficiency in the use of any input or output. DEA assigns an efficiency score less than one to (relatively) inefficient units. A score of less than one means that a linear combination of other units from the sample could produce the same vector of outputs using a smaller vector of inputs.
The score reflects the radial distance from the estimated production frontier to the decision-making unit (DMU) under consideration (Coelli et al., 1998) . It has been used in a variety of circumstances pertaining to financial institutions (e.g. Worthington, 1999; Berg et al., 1992) , electricity and gas utilities (e.g. Färe et al., 1990; Price and Weyman-Jones, 1996) , hospitals (e.g. Färe et al., 1994) and airports (e.g. Abbott and Wu, 2002) .
The use of DEA to undertake benchmarking studies at the firm or project level concerning the construction industry are not common, even though it is likely that this approach would be useful. Some examples of DEA benchmarking for construction include Edvardsen (2005) on Norwegian construction firms, Ingvaldsen (2005) 
Conclusion
Construction project costs between countries cannot be compared reliably using currency exchange rates, as this fails to take account of the local cost of living. Using DEA can help to identify projects that exhibit best practice characteristics according to selected KPIs. These may relate to time, cost, quality or indeed any criterion considered important to overall project success that can be objectively measured. Where best practice is identified, the reasons for this can then be explored in more detail. Cost conversion is an important step in presenting data that can be compared on an equal basis, thus limiting unnecessary distortion or bias as often appears to happen in practice. 
